éd iégiﬂéfganic,Chemistry

SYNTHESIS AND STRUCTURE OF TWO CRYSTALLINE FORMS: , ,
 OF CYCLOOCTATETRAENETHORIUM(IV) DICHLORIDE BISTETRAHYDROFURAN

Allan Zalkin, David H. Templeton,
Carole Le Vanda and Andrew Streitwieser, Jr.

RECEIVED
. LAWRENCE

Mareh 1980
" APR 25 1980

IBRARY ANL

TWO-WEEK LOAN COPY

" This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call
Tech. Info. Division, Ext. 6782.

Prepared for the U.S. Department of Energy under Contract W-7405-ENG-48

BERKELEY LABORATORY

MENTS SECTIR

LBL-10537 C- <L
Preprint

i oy
QF T

€«

s
L

=D



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



LBL-10537

SYNTHESIS AND STRUCTURE OF TWO CRYSTALLINE
FORMS OF CYCLOOCTATETRAENETHORIUM(IV)
DICHLORIDE BISTETRAHYDROFURAN

by Allan Zalkin X David H. Templeton, Carole Le \ianda1

and Andrew Streitwieser Jr.
Materials and Molecular Research Division
Lawrence Berkeley Laboratory and
Department of Chemistry
University of California
Berkeley, California 94720

MARCH 1980

Th(C8H8)C12(OC4H8)2 crystallizes in two modifications. The o-form,
space group P2,/n, has dimensions: a = 8.589(4) R, b = 27.222(10) R,
¢ = 7.950(4) R, B = 96.92(5)°, Z = 4 and d_= 1.99 g/cn’. The g-form,
space group PZT/cg has dimensions: a = 13.036(6) R, b = 11.601(6) A,
¢ = 24.598(10) R, B8 = 102.90(5)°, Z = 8 and dX = 2,02 g/cm3e The a-form
has one molecule in the asymmetric unit whereas the g-form has two which
are chemically equivalent but crystallographically different. The study
thus yields three independent determinations of the same molecular
structure. Thorium is bonded to the cyclooctatetraene ring, to two
chlorine atoms, and to two oxygen atoms from the tetrahydrofuran

moieties. Significant distances (averaged) are: Th-Cl = 2.69 R,

Th-0 = 2.57 &, and Th to plane of CgHg = 2.02 A,



INTRODUCTION

Since the first synthesis of uranocene, di-n-cyclooctatetraene-
uranium(lv),z a large number of related compounds have been preparede3
The bis-cyclooctatetraene compounds of all the Tower actinides are now
known, including thoracene, diwrrmcyciooctatetraeneethorium(I\/),4
X-ray crystal structures have been determined at Berkeley for several
of these compounds,5 A1l show the central metal atom in the center of
two parallel planar eight-member rings.

We recently reported the preparationof mono-cyclooctatetraene-
thorium(IV) dichloride and diborohydride.6 In this paper we report
the crystal structure of the dichloride which was isolated as the

bis-tetrahydrofuran compound, C8H8Th672~ZC7H80, 1, by the reaction of

~

thoracene with thorium tetrachloride in THF. Compound 1 is more soluble

in THF than is thorocene itself.

EXPERIMENTAL

Cycloctatetraenethorium dichloride bis-tetrahydrofuran. A suspen-

sion of 1.3 g (3.0 mmoles) of thoracene and 1.7 ¢ (4.5 mmoles) of
thorium tetrachloride in tetrahydrofuran (THF) was stirred at reflux
under argon until the yellow color of thoracene disappeared (ca 1 wk).
The mixture was degassed, taken into the glove box and the solid was
separated by centrifugation. The THF-soluble portions were combined

and the solvent was removed by vacuum transfer. Crystals were grown



from hot saturated THF solutions. Anal. Calcd. for C76H24Th6102:
C, 34.86; H, 4.39;, C1, 12.86. Found: C, 34.65; H, 4.38; C1,
12.22.

X-Ray Diffraction. White crystals of the compounds, because of

their extreme sensitivity to the atmosphere, were sealed inside thin-
walled quartz capillaries for the X-ray experiments. Weissenberg
photography showed the material to be monoclinic, later designated as
the g-form. Upon investigating a different crystal on a Picker FACS-~I
automated diffractometer, which was equipped with a graphite mono-
chromator and a copper X-ray tube, we found it to be monoclinic with
different cell dimensions than the first crystal. This new form was
designated as the a-form and a set of intensity data was collected
from it. A third crystal from the same preparation was investigated
and observed to be the B-form, and a set of intensity data was collected
from it.

In both cases, setting angles of 12 reflections where 95 < 26 < 106°
(;\CuKoc1 = 1.54056 ﬁ) were used for least-squares adjustment of the
cell dimensions. Cell dimensions and other crystal data are gijven
in Table I.

A 8-26 scan technique with a scan speed of 2°/min was used to
collect the intensities in the range of 4° < 20 < 120°; backgrounds
were measured for 4 seconds at the beginning and end of each scan.
Omega scans of several lTow-angle reflections showed widths at half-
peak height of 0.13° to 0.15°. Three standard reflections were
measured after each 200th scan to monitor for crystal decay, instru-
mental stability, and crystal alignment. A decay of 5% was ohserved

in the intensities of the standards of both data sets, and the data



were adjusted accordingly. Correction for absorption was made by
an analytical integration methode7 During refinement, effects of.
extfnctfon were evident in the data, and an empirical isotropic
correction was applied, see Table I. Atomic scattering factors of
Cromer and Waber8 were used for Th, of Doyle and Turnerg for C1,

0 and C, and of Stewart, Davidson and Simpsonjo for hydrogen.
Anomalous scattering corrections of Cromer and LibermanN were

applied.

Determination of Structures. Three-dimensional Patterson maps

indicated the positions of the Th atoms. Subsequent least-squares
refinements and difference Fourier maps readi?y revealed all of the
non-hydrogen atoms. All of the atoms, with the exception of the
hydrogen atoms, were assigned anisotropic thermal parameters in the
final refinements. For the R compound, because the thermal tensor
for one of the CSHS carbon atoms was not positive-definite, the
thermal parameters of the opposing carbons in the C8H8 ring were
constrained to be equal. Hydrogen atom parameters were estimated from
the geometry at C-H distances of 0.95 A and included in the least-
squares calculations, but not refined. The full-matrix least-squares
program minimizes the function ZE(AF)Z/ZHFOZ, After the Tlast cycle
of refinement the largest shift of a parameter was 0.02 and 0.24 of
its e.s.d. for the o and the B compound, respectively. R factors and
other statistical results of the Teast-squares refinements are given
in Table I.

Positional parameters are given in Table II. Tables of the

anisotropic thermal parameters, the calculated hydrogen positions,
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and the 1ists of observed structure factors are in the supplementary
material. Distances and angles are given in Tables III and IV, with

atoms numbers as in Fig. 1.

DISCUSSION

The Th atom is bonded to the cyclooctatetraene (COT) ring, to
two chloride ions and to the oxygen atoms of the two THF molecules;
see Fig. 1. The COT ring is centrally Tocated on the Th atom with
its plane at a distance of 2.02 R.  The chloride jons and THF mole-
cules are alternatively disposed on the opposite side, with Th-Cl
and Th-0 distances of 2.686 + 0.006 A and 2.57 + 0.02 A, respectively.
The C1 and the 0 atoms are very nearly equidistant from the COT plane;

' 5b

see Table V. The comparable Th-to-ring distance in thoracene™ is

2.00 &, and the Th-Cl1 distances in these structures are just stightly
12

4

is orthogonal to the 0-0 vector (see Fig. 2) and both are from 4° to

under the 2.72 & and 2.90 & reported for Th(l The C1-C1 vector
9° from an eclipsed orienation with the COT carbon atoms.

The 3 molecular structures determined in this study are chemically
identical with essentially identical bond distances. About the only
significant geometrical difference between the o and 8 forms is the
larger C1-Th-C1 and smaller 0-Th-0 angles that the o form exhibits,
which is probably a packing effect. Nothing in the experiments
reported here gives any information concerning what fosters the

crystallization of one form rather than the other.
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Table I. Summary of Crystal Data Intensity Collection and Least-
Squares Refinement Statistics

Compound

Formula wt

a, A

b, A

c, A

B, deg

v, &

Space group
VA

Densityé caled,
g/cm

Color

Crystal size, mm

Crystal vol, mm3
-1

Us Cm
T, °C

No. of scans

(including standards)
Decay correction range

No. of unique data

No. data FZ > 3o

used in least-squares

Extinction factor k
F = (1 + kI)FO

corr

a-CoHoThC1

ghgThC1,(0C,Hg),
551,31

8.589(3)
27.22(2)
7.950(3)
9.92(4)

1845

P21/n

4

1.985

white

parallelopiped
0.1 x 0.2 x 0.3

0.007
288
22
5679

1.0-1.05
2740
2242

5 x 1077

B~CgHgThCT,(0C,Hg)

557.31

white

0.15 x 0.15 x 0.3

0.007
293
21
11573

1.0-1.05
5390
3914

7 x 107



Ignorance factor, p, 0.04
in weighting expression
W= ((o%F2)+(pF?)?) 7!

Nbo of variables 190
in least-squares
- 2 2 41/2
Rw = [Tw(AF) /ZwFObS] 0.045
R = Z|AF[/2]F ] 0.036
FZ > 30
R for all data _ 0.044

Goodness of fit 1.24

-10-

0.06

331

0.054

0.045

0.064



Table TII.

ATOH
TH
cLiLd
cLial
0€id
gz
c(i)
ce2l
c(3)
Ci&)
Cis)
ci(6)
CL7h
cis)
ci9d
C(10)
ciidd
c{ied
C{13)
Cli4)
Cii%)
ciied

-11-

Positional Parameters§=

a~form
X Y
0 %8399(k) 133846 (1)
« 561203} » B88&3{YG)
«2512(3} «B769¢1)
e223(1) »1350(3)
26250153} = 0622(2)
«393(2) 22080400 &)
053042} «1810(4&)
«677(2) e l714(4)
0 78%0{(2) « 17991 4)
«689{2) 2 2806{%)
«567L2) «2202(4)
«&BB(2) 2229104}
2336(2) e 2287(8)
»230(2) 218677(6)
«072(2) «1 397(5)
-ef32(3) 01864217}
28086312} 0 1387(7)
«6083(2) «0395(4%)
27582} 28176(5)
2838(2) «0404C €D
o T68(2) «0625(5)

Z

e B5714(3)

~e2128(33

»1868(3)
=.169(1)

s 1857(7)
«292(1)
2 360(1)
« 305(2)
«156(2)
«000(2)
- B73(2)
=o B17(2)
«133(2)
= e 3%‘%@2?
e 429(2)
=s293(3)
-.138¢(2)
o 3LT7T(1)
0 616(2)
«265(2)
«126(2)



Table II.

Continued
B-form

ATOH X Y
THiil «08705({4&) 0 1F712484)
THIZ2) o 412021 %) 226318 (%}
CLELY --8870(3) «B&53(3)
cLi2s «20872(3) «024%{3)
BLE3) «240703) 2195603}
CL &) o4 755(3) 22898 (%)
DL «B05L€8) e 4745(7)
0{ay o lbbB{8) 2D46918)
013} 0%1904(3) 2 0847408)
D{&k) «3192(8) «&179(8)
i1l TP YASY s37244)
ci2s «B5%({2} 393043
£i3d «168¢2) 237281 )
Cead 0 28301) «332(41)
Cis 2254 (4} «290804)
£i6) «185(2) 2278114
£47 ) oB7%{2) e 290{1)
£48) -oBB8%(1) «331(4)
C{9) 2383041} 23892}
Cia0s e958{2) 2 28742)
£eads 2569{2) «198{(1)
€12} «BL2(1) «253(2)
13 2 B6B6(1L) «362(2)
£gié) «538(2) «&58{1)
Cii5) o 4610(2) NY24%Y
Cii6) «388(4) 2B 86(2)
CLL7}5 006711 o 18741
C(18) ~--U46(2) « 19412}
CeL9) ~=o1&7(2) e218E3)
ci28) -=o487(12 2 3196¢1)
Ci21} 25241} ~oB24§13
£e22} 25918} - 0BYE2)
£e23d «182(2) o ABBL2D
Ci24) o 0851 = B43(1)
£i2%) 23646020 - 023643
Ci26) 2 370(2) ~elbb{2)
ci27)d 2 %67{2) =0455(2)
£e28) «297(1) «s 03204}
Le2g)d 2369(2) «485(2)
{30 2286(2) «569(2)
L34 021312 «575(2)
ce32d e 22101} NYSEOD

§£3timated standard deviation

-12

z
- 33807(2)
«62281(2)
. 3322(2)
0 2963(1)
05916 (2)
¢ 5290 (1)
e 2337(%)
041391 4)
06268 (%)
«5532(%)
«3352(7)
o 3044(7)
<3073(7)
o 3487(8)
< 4002(8)
o 4368(7)
< 4316(7)
©3697(8}
o 72641(6)
o 7333(7)
S T187(7)
«6858(7)
«6606(6)
+6541(6)
< 6715(7)
«7002(7)
-1905(6)
«1385(7)
»1500(8)
2 2140(6)
c 4339(6)
c%895(8)
« 45922(7)
c 4558 (6)
«6620(8)
«6632(9)
06226 (7)
.6138(7)
e S167(7)
o 6B7(1)

0 520(4)

«5549(7)

of the least significant digit is given
in parentheses here and in the following tables.



Interatomic Distances

Table III.

B(molecule 2)

B(molecule 1)

D(&)
2.681(4)

Atoms

D(R) Atoms

2.690(2)

Atoms

Th(2)-C1(3)

2.676(4)

Th{1)-C1(1)

-C1(1)

Th

2.691(3)

2.692(3)

2.688(3)
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{Continued)

Table I1I.
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Table III. (Continued)

o B(molecule 1) B(molecule 2)

CI(1)~-C1(1) 4.396 C1{(1)-C1(2) 4,132 C1(3)-Cc1(4s) 4,084
0(1) -0(2) 4.635 0(1) -0(2) 4,749 0(3) -0(4) 4.793
C1(1)-0(1) 3.232 C1(1)~0(1) 3.280 €1(3)-0(3) 3.203
CI{LY~-0(2) 3.230 Cl(1)~-0(2) 3.248 C1{(3)-0(4) 3.184
C1(2)-0(1) 3.222 C1(2)~-0(1) 3.241 C1(4)-0(3) 3.305
€1(2)-0(2) 3.237 C1(2)~0(2) 3.177 C1(4)-0(4) 3.297



Table IV.

Selected Angles

g8(molecule 2)

B(molecule 1)

Angle

Atoms

Angle

Atoms

Angle

Atoms
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Table 1V.

Continued

C(5) -C{6)-C(7) 135(1)

C(6) -C(7)-C(8) 135(1)

C(7) -C(8)-C(1) 135(1)

C(13)-C(14)-C(15) 136(2)
C(14)-C(15)-C(16) 134(2)
C(15)-C(16)-C(9) 138(2)

@LLQ



Table V.

Least-square Plane and Distances (&) of Atoms from

Planes.

Plane:

.014
.004
-.013
~.003

Plane:

-.028
.045
-.019
.003

(1) ~ €(8) in a compound
2.367 x + 24.583 y + 2.336 z = 6.542

C(1) - €(8) in 8 compound molecule 1

1.334 x + 10.740 y + 8.166 z = 6.739

~18-

015
-.005
-.001
-.010

-.019
.023
.000

-.004

Th

Th(1)

the

.03

.62
.09
.10

.02
.66
.81
.98
.98
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Table V. (Continued)

Plane: C(9) - C(16) in g compound molecule 2
4.408 x + 4.739 y + 18.471 ¢ = 16.586

C(9) -.018 c(13 -.011 Th(2) -2.02
c{10) -.012 c(14) -.004 C1(3) -3.80
c(11) .044 C(15) .025 | C1(4) -3.72
c(12) -.021 C(16} -.003 0(3) -2.96

0(4) -2.98



~20-~

FIGURE CAPTIONS

Fig. 1.  ORTEP drawing of the C8H8ThC12(OC4H8)2 molecules: (a) a-form,
(b) B-form molecule 1 and (c¢) B-form molecule 2.

Fig. 2.  ORTEP drawing perpendicular to the COT ring showing the

orientation of the C1 atoms and THF molecules to the COT ring.
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Supplementary Material for

SYNTHESIS AND STRUCTURE OF TWO CRYSTALLINE FORMS OF

CYCLOOCTATETRAENETHORIUM(IV) DICHLORIDE BISTETRAHYDROFURAN

by Allan Zalkin, David H. Templeton, Carole Le Vanda and
Andrew Streitwieser, Jr.
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Anisotropic Thermal Parameters—

a~form

ATOHM Bii B22 B33 Bi2 B13 823
TH 2:99(3) 2.53(2) 2:53(2% 01214} o 2B {2} 0 256(8)
CL 1l o2 {1} So8441) 31809} o7 81} - 8549} =e84(8)
cLged Lol (1) 5.9{4) 5.2 (1) =1 0041} oB L) 1841}
041} J.0{k) 9. 9(5) 5:3(3) 1,103} =2(3) 2:8(3)
0123 bo5(%) bho 043} 3.01(2) «8(2) o342} o 8462)
c4id 6-8(8) 4915} L0 {(5) e 615) 1.7(5) «1.44%)
ce2) 7:3(8) Le5({5) 2.9(5) =31s9{5) =6(5) 15y
C{3) 72083 4 105} Be5{7) =40 {6 =2:5(6) =-s85)
Cils) So6(8) 5.0(5) 3.21(9) =2.3(5) =347} =2:2(6)
£cis) BoLILDS Lo B(5) 10.3840) =2s3(6) 6.2{9) «1.7(6)
ci6) 143(16) 3.245) 5.91(7} =1o7({6} L.6(9) 10849
L7 13,2013} 3. 8(5) bels {7) 2.816} 291873 19(5%)
£ias TeliB) Be 2{5) 77 (8) 2:915) 1.2(6) =-eb6{5}
ci{9) %.9(8) 15,6012} 3.9(5) o (8} =1,1(5} 4,246}
cei0s %.5481 11.%49) Lo (B =12 16} o446} 1. 745}
Cei4d 7e9(1k} 17:5(46) 9.2012) 2ok (10} 59042} 3.2840)
cgi2} 4,009} 20.%148) 7509} e 3(9) 1.5(8) S.6{102
£4{13% 81081} Be4(5) el (5] e 9{5) =s0(5} 264 (&)
CE16) 860140 Bo8(9) 65470 1.24¢8) «2.0(7} 2:3(7)
CeLs) 6.3(3) 180 4¢9) 112 440) 3,708} =1:2(8) 4be5(8)

C{i16) 5.8(6) 8.8(7) 7e247) ko7 (7) 1.3(8) 14(6)



ATOHN
TH{1d
THE(2)
CL{L)
cLi2)
cLi3)
cLia)
odiid
ol2)
0(3)
00%)
ceLd
cizd
ceE3)
Cl&)
cis)
Ce(6d
ci{vh
cea)
€(9)
ciig)
cEid)
ctied
Ce13)
Cli4)
CEi5)
Cii6d
CLi7)
c(idd
C619)
c{z0}
ce21)
ciz22)
ci23)
Cl2&)
ci2s)
ciéze)
ci27)
ci28)
€29
ce30d
ct31)
€132}

814
3.35(3)
3.05(3)
308(2)
4ob(2)
3.6(2)
507(2)
3.1 (5)
bol1(5)
509(7)
4.3(6)
5.3(8)
8.2(3)

10.8(12)
5ol (7)
5e34 7
802166

107636
503857
bod(7)
6.8(3)
60(8)
ol (7)
4.0633
6oBbY 1
509746
40356
303(8)
6o0(12)
bob(11)
302¢8)
406(9)
4e6(11)
706(13)
5.5(10)
608(12)
9.8(16)
Bol(ilh)
bob (£0)
8.3(13)
8o5(15)

14.9(23)
504(40)

Anisotropic Thermal Parameters

B22
1o &6(2)
2.6002)
o 6(2)
30 001)
o 0(2)
S 0(2)
2. 6(6)
30116)
20 7(4)
3. 8(5)
2. 9(5)
fo6(k)
202(5)
20 7(5)
2. 9406
105587
2.1929
20 7487
6e6(7)
ot (6)
3.3(5)
60 3(7)
606399
o 4234
302714
602746
S0 3(8)
806(12)

17.9425)
3.7(7)
4ob(8)
7o0(41)
Bod(10)
3.2(7)
3.5(7)
o & (9)
5o (40)
3.9(8)
bo(8)

506411}

be 3410)
3o5(7)

-27-

(Continued)
B~-form
B33 Bi2
2682} - 06(2)
2.3702) =909(2)
o7 (2} =1e0 {2)
3eB{2) «9{41)
4.,9(2) s 281)
3.702) e5€2)
3.8 (5) =o 1 { %)
304 (&) o3 (&)
5.2(5) o2 (%)
3.7(5) o2 (&)
577} 03 (5}
La51(6) o B (5)
Lo 787 eie?ié?
6e7 {8 =2 (%)
57256 2 268%
Lok 893 0065
%965@ gis?ii
6. 60688 =5 2008
3.8(5) =0l (6)
3@?@%5 3293€6§
be5(6) =64 {5)
el (6) 1.7 (6)
3.0%83 = 0681
3. THET =103428
bobb23 =075
L.% 306 16 7455
2:5(6) «6(6)
3.8(8) L1010
4o2(9) 246(16)
b8 (8B) 1 0¢6)
3347} 1e8(7)
65 (410) 2.819)
5.64(9) «8(9)
o7 (B) 047}
81 (11) +3(8)
7612} s B (10
4. 3(9) 289}
606 (10) 167}
604 (10) o4 {9)
9eb {ik) o 3LLLd
10.6(416) 3o.2(12)
To1(10) 1387

Bi3
«981(2)
1.05(2)
1.3(2)
1.60(1)
1e3(2)
2e7{2)
e9(k)
15(%)
27(5)
lolelb)
‘e?é%g
«6(6)
3.0(8)
1906
=7 B6S
«5826
3.0%29
1.93414
1008}
«80(6)
=1({5}
«3{5)
29998
o7 753
=0 057 1
02562
«4(5)
1.4(8)
0 3(8 )
«5(6)
«9(6)
1.008)
2e6{9)
L.7¢7)
5.2€040)
2.8041)
1.0(93
«7(8}
39(9)
2.3012)
606416}
2.0(8)

B2¥
0 0441)
=934 020
092}
e2(4)
e5(1)
=504}
25(3)
29{&}
=s1{f)
«94k)
=e2(5)
o28h)
=25(5)
=le&l{5)
@aZSZQ
oi711
@§§i§2
=1.%008
e 0(5)
225}

o l{5)

=8:0{6)
0063
e2256
o 5318
109679
o 7(6)
1.348)
201{12)
21(6)
136}
1.7(93
2648}
2.0(6)
o748}
13(9)
1.0€7)
=037
19(8)
4o 0411)
20 8(41)
Lo 6(7)
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Estimated Positional Parameters for Hydrogen

a~form
HE{L) 03477 «202% s 3703
H{2) ° 5256 o 1787 o b74kD
H{33 e 7T%83 «15%6 s 3887
HiG) e 846 2169 e 1615
HE{S) o 7677 22042 =0 §73%
Hi{G} e 5493 22298 =o 1873
H{7) 2328 e 2445 =9 1005
H{8 3 02295 ‘e 2302 e 1268
H{9) « 3035 «1275 =0 3909
HL41B?d « 29596 21813 e 3529
HEL4? « 0646 -1 085 =0 483%
H{12) « 85436 » 4667 =9 5103
H{413) -o1029 01146 ~s 3064
H{1&) -0 885 el71k - 2988
Hi1%) s 0477 16656 =e 8722
H{46) o0 348 21898 =o B789
H{47} 05242 08148 « 3303
H{ié) e 5723 « D635 s 4233
HE{19) 0743 e f434 s 85681
H(28) 08451 « 039 4919
%égﬁg « 8286 “ e @gsg sgggg
H{22) ° 9466 « 018 « 2915
HE23) «8376 « 0685 , ¢ 1062
H{24&) o TH25 o024 e 8251
Assigned Isotropic Thermal Parameters

Atoms B(R)®

a~form H(1) -H(8) 8.0

H(9) -H(24) 10.0

B-form H(1) -H(16) 7.0

H(17)-H(48) 9.0
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Estimated Positional Parameters for Hydrogen

®§@§?§
« 0257
» 1803
03074
° 3203
«2218
<0536
@®§§§§
032468
o B323
« 58086
= 6685
o 66%
25533
o &i&1
03203
o4 431
21053
- 8184
8
~21682
=1 376
=o1277
=l 487
22981
2269
o287
« 3028
e1 423
o4 348
00187
o 0747
22928
23977
23106
e 3743
%539
« 5199
e 5634
s 5016
3919
= %286
22542
03467
el 449
«228
«2489
01640

B=form

23857
2636
« 3896
« 3350
= 2646
0248
22674
03327
«2950
= 1533
«128%
- 2082
«3756
5150
«5519
24606
012563
e 257
«118%
02697
«1622
22908
2263
»432%
o 04632
“egg?g
=018
6@1355
SQQ%S
=1 760
=6 B 655
- 0526
20016
=015
=1 603
=+ 1945
®®3%?g
01934
=015
“@@2@%
« %359
« 5251
e 5607
0 6&24
«5813
0661
«490%
o k20

315
02719
. 2735
- 3372
04152
o 4723
o b6l
- %01

o 743

o 7524
o 7345
° 6804
0 6632
. 6328
6601
703

. 190

«1957
-1198
o 1163
01294
o 1601
2277
«2175
o536

- 4098
05175
o 569466
. 5294
e 4785
» %386
4768
. 6562
« 6999
6139
« 6730
5885
06633
« 6378
c5762
« 6906
5379
o 451

%839
o %973
o 5637
5919
«5399
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OBSERVED STRUCTUREZ FACTORS, STANDARD DEVIATIONS, AND DIFFERENCES (ALL X 3.8
ALPHA CBHBE.THCLZ2.2(0CHRAE) F0,0,8) = 3076

FOB AND ¥CA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS.
56 8 ESTIMATED STANDARD DEVIATION OF FCB. DEL = /F087 = /FCA/.
® INDICATES ZERO WZIGHYED DATA.

K FOB SG DEL FoB 56 DEL ¥ FOB 86 DEL K F03 SG DEL K FOB S6 DEL

K
Helm 0, O L 419 9 i 26 61 5 i 20 289 12 t 2 14 28 6*
2 92 2 -0 5 331 & =-47 27 128 & & 21 39 14 5% 3§ 87 3 5
t 962 20-133 b 297 b6 ~10 238 238 7 -2 22 166 5 -1 L 314 15 -4
6 262 5 =15 7 219 % =7 Hel® 0By & 23 30 19 =6%* 5 B4 4 4
8 556 11 -¢% 8 657 15 =13 b &8 & 5 24 23 6 ~=§ & 55 5 =3
18 357 7 =13 3 08 9 ~18 1 515 37 13 25 72 3 10 7 61 6 3
i2 &7% 40 -29 10 335 7 2 2 23 10 12% Hela Js & 8 225 5 ~6
ie 598 12 =3 1L &7 3 i 3 09 13 19 0 1741 5 =3 9 35 & &
i6 358 8 ~8 412 572 12 -8 & 36 3 3 1 279 16 12 10 135 & =%
18 50% 10 ~14 13 L36 12 -4i7 5 685 18 17 2 40 10 ~1% 41 23 10 -2%
20 31% 7 =10 it 263 & =7 & 7& 3 -3 3 249 12 B 12 176 & =7
22 71 10 2 1% 13 23 9% 7 278 & ! & 228 6 b 43 &9 & =2
24 14E & 7 4ib 287 b6 =5 8 99 & 5 5 370 20 16 Hol#d 15 =8
26 344 10 & 17 383 B =& 5 588 1t =13 6 163 & =1 1 212 5 -3
28 39 9 1i% 18 252 % i 10 80 & =3 7 126 & <=1 2 L7 5 415
30 275 9 413 13 &9 7 7 11 197 & =6 8 281 6 7 3 2L B =3
Hela 0, 1 20 166 & L 12 26 10 15% § 385 & 15 & 21 24 10*
1 656 13 =19 21 257 6 <=1 13 4%2 9 -12 10 83 5 =0 5 1hs 5 =2
2 324 7 =14 22 273 & 0 4% &7 6 11 11 42 13 7 6 31 42 6%
3 804 22 -3 23 169 & 5 1% 29 9 16% 12 173 4 g 7 263 & 7
5 31 & 10 2t 51 & 3 16 34 9 13* 13 365 8 1% 8 32 8§ =i
S %i2 9 =27 2% 16% &4 2 47 42% 9 =7 14 135 &4 & 9 74 3 5
6 209 & =12 26 240 6 7 i3 63 7 g 1% 50 6 415 40 17 24 2%
7 507 9 =13 27 1ki & 3 19 172 & 8 16 80 b8 i 11 275 & -8
8 190 4 -2 23 3% 10 8% 20 30 190 6% 17 318 12 12 12 b 20 ~-8=
9 322 7 2 23 i1k b =7 24 37k 13 9 48 156 5 7 43 1% 23 =5*
in 68 3 =7 Heb= By 3 22 34 12 =3% 19 36 7 EAe Hel® 1, =7
i1 730 17 -21 i 683 3 & 23 149 & -3 20 Lb 7 5 0 kb9 17 21
12 124 3 -6 2 728 3% 33 24 47 6 i 21 218 6§ b 1 140 & 5
13 37 3 & 3 3606 7 2 2% 288 & 2 22 151 4 g 2 22 19 L#
iy 224 .5 i L &3 & =2 26 36 7 2% Hols Oy 7 3 415 & 5
15 594 i2 ~21 5 411 & =3 27 143 5 =& 1 258 11 -2 b 399 9 13
i6 133 3 =7 B 533 12 =22 Hels @y 5 2 2062 6 1D 5 127 & 11
i7 73 3 9 7 5% 9 =2 i 71 5 14 3 245 6 =2 6 B85 4 1%
i8 2886 S i 8 27 5 =9 2 512 36 21 4 13 23 5#¢ 7 7% & b
19 494 10 & 3 17 3 ~5 3 131 & =4 5 223 12 3 8 283 6 3
26 94 &4 0 10 %66 1§ =11 & 179 9 15 & 195 & 14 9 136 & 5
21 134 3 7 11 33& 7 i 5 408 & 7 7 219 5 =3 10 141 4 2
22 82 & &6 12 24k 5 =7 & 650 13 Lk 8 7L & L 11 &5 10 -g*
23 369 8 6 13 16t & i 7 230 % 7 3 86 4 $§ 12 191 5 3
2 9% & -3 ik 325 7 =11 8 274 & § 10 135 5 i 13 138 4 =8
2% 177 & i 15 197 & ! 3 32 13 3% 44 201 5 =13 1& 221 5 =~}
26 13 25 5% 16 319 7 -5 1B &79 14 5 12 117 4 6 1% 33 8 a%
27 238 6 8§ 17 11 25 5% 14 176 5 =& 13 21 417 10%® 16 154 5 i
28 104 & i 18 212 5 <& 42 267 6 -0 14 152 & 5 17 108 & -3
29 472 7 3 13 169 & 60 13 77 5 <=2 15 215 5 =& 18 238 & =7
306 41 6 &L 20 377 8§ =3 14 338 7 2 16 122 & =4 19 22 1§ 413=%
Heb= 0, 2 21 83 % & 15 78 5 L A7 o7 4 2 Helz= 1, =56
8 299 10 =26 22 127 & 8 1 327 12 -1 18 113 3 6 1 264 14 7
1 403 21 723 1kt & & 47 2% 27 4i3*® Hollz 0, 8 2 346 12 40
2 286 & =& 2% 317 7 & i3 214 5 3 0 342 16 =18 3 299 13 13
3 w24 9 =9 25 70 & t 13 &6 15 ¥ 1 B0 & =1 L b1 b &



STRUCTURE FACTORS CONTINUED FOF
ALPHA CBHMB.THCL2:.2(0ChLHE)

K FOB S6 DEL
5 249 6 1%
6 327 7 23
7 291 6 9
8 175 & 9
9 108 & =i
i0 278 16 13
i1 242 6 L
12 184 14 =2
13 12 23 -5%
i 230 5 5
i5 236 18 -0
16 475 12 -2
i7 88 & -0
13 187 14 5
19 228 19 -4
20 140 & -8
2L 78 4 i
22 85 & 4
Hng i@ =5
8 243 5 &
1 348 15 9
2 10 4 i
3 347 7 25
L 262 & 20
5 492 18 24
& 286 S &
7 227 8§ 5
8 239 1% i
9 &70 22 =3
i3 158 5 -0
11 73 7 11
iz 238 5 =1
13 429 17 5
i4 104 5 =4
15 21 33 19+%
i6 108 4 2
17 395 16 2
16 430 & =0
19 54 7 3
28 39 ¢ 4L
21 299 14 2
22 130 4 =3
23 65 5 =i
2t 37 6 13
25 1941 1% -6
Hela 15 =4
i 46 8 1%
2 743 19 3%
3 43 6 =3
& 89 3 2
5 416 & =5
6 572 17 -4
7 474 & =9
B 249 11 3
g 16 19 15*
10 &4 17 16

K FOB S& DEL

12 1863
12 218
i3 9¢
16t 336
i5 82
i6 327
i7 656
15 225
13 31
20 391
24 34
22 159
23 g
2% 297
25 59
26 93
27 26
HsLS
381
526
65
500
206
638
160
289
i73
589
87
189
i2 177
13 471
it 57
i5 1%
i6 89
17 GLu2
18 151
13 155
20 65
2L 372
22 108
23 206
2b by
25 236
26 63
27 166
28 23
Hng
116
541
L32
108
86
718
501
353

W O = G N N TY e &2

s b
[ ]

G N G T T e

A} = 1N
G W1 R Gy o N D G W S SO

et

[

ol
Gige po SIS T O VING EHFF WL F o F AN O

o

>

[

ot
VRt

S
N W

it
13
9

L
=1
=8
=2
=3
=5

i

i
18%
=b

7%

2

@ie@

=5

id
ii
i2
13
i4
is
i6
17
is
19

21
22
23
24
2%
26
27
26
29

-31-

Fog
156
520
554
361
1&3
362
372
255

63
266
258
288
148

86
133
343
119

36
148
254
igde

HwL;

611408
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S MY A RS 82 b b fud f b feb b b b
RS B gD W D oy N W B O T e

2l
25
26
ev
28
29
30

i
2

557
114
283
684
507
LYY

74
777
585
466

29
556
L56
350

bl
351
336
287

12
132
239
359

32

60
135
304
133

162
225

Hel=

746
277

S6 DEL
3 =2
13 =11
i1 -i6
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0
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FoB
756
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334
b16
318
ig2
26%
10 210
i1 597
i2 277
i3 29
it 98
15 527
i6 194
17 79
i8 102
19 504
20 112
21 16%
22 77
23 401
2L 52
2% 197
26 25
27 257
28 45
29 176

& Co N QN W Gy R

Helez
847
2468
235

34
823
305
229
225
670
134
240

L6

12 %93

13 215

14 567

15 140

16 279

17 33

18 &71

19 36

20 266

21 24

22 359

23 13

2k 119

25 35

26 300
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=3
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=16
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Cad
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=11
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=13
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SN s
b b
&

=156
g%
=5
16®
=3
.
=8
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=
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™
[+ RS N I AV -+

K FOB
27 50
25 &1
29 26
30 234
Hel®

533

327

559

&0

244

373

6448

i1

288

3a7
11 623
12 232
13 49
14 279
15 491
16 286
17 &4
18 144
19 421
20 158
21 61
22 65
23 309
24 116
25 14b

O o O B W e

s
[~

27 182
28 133
29 155
Hel &
359
543
249
561
385
506
360
267
tlely
439
16 224
11 61
12 399
13 383
14 198

[V« R N N R AV

ie 276
17 412
i8 178
19 1195
28 161

i0

14 -

1o

o

(AN
W N W & ~NE WL D O D

g
-GN
L)
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18

o
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=5
-3
=3
3
i6
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=10
=7
=7
-G
=l
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-2
=1
-3



STRUCTURE FACTORS CONTINUED FOER

ALPHA CBHue THCLZ2.2{0CkHB)

K FOB 56 DEL

23 182
26 34
25 282
eb 102
27 471
28 19
29 207
Hels=s
2467
351
340
346
2810
635
5610
L2 8
81
i3 827
i1 525
12 341
i3 50
iy 4i2
1% 351
ib 194
17 &7
i8 248
i9 303
20 282
ey 77
22 77
2% 226
2h 263
25 1&k¢
26 286
27 174
28 218
29 131
Hel &
0 634
i 158
2 208
3 76
L 814
5 268
6
7
3
9

W BB o D W B G Ry

159
172
740
386
i9 299
11 161
12 491
13 362
14 321
i5 ]
16 279
17 231

5
&
is
4
5
20
20
29
5
7
7
7
9
i9
1y
iz
2
18
ie
8
3
i
i0
8
&
5
i4
is
4
&
i1
i5

23
5

20
11
9

K FOB

=2 18 363
12 13 13
-0 20 168
=64 21 169
i 22 345
i7= 23 71
-2 2b 87
=1 25 107
& 26 318
-8 27 57
-9 28 &0
=g 23 &7
-3 He L&
=5 i 624
-2 2 338
& 3 662
i L 153
=8 5 618
=14 b 25
=2 7 7Tht
=3 8 937
=9 3 k55
=5 14 50
=1 11 bee
=1 12 74
-3 13 34
=% 14 103
-2 15 538
i 16 L1l
i 47 141
=& 18 71
0 13 45
& 20 69
=2% 21 163
2 22 b6
=2 23 379
=2 2& &4
g 25 176
35 26 8
-4 27 267
-1 25 ]
i 23 149
@22 ﬁgLﬁ
-8 0 336
=3 i 52
3 2 1306
=22 3 1497
& b B1D
=5 5 379
=5 b 241
=17 7 55
-2 8 526
=4 9 367
-3* 40 38%&
=3 14 148
=3 12 448

Sk DEL
il =1
20 &*
15 ]
& 2
8 i
b =1
) 3
fa i
8 7
5 -8
15 =4%
& 1
2y 1
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4y 6 6
i7 -9 7
22 =9 8
13 13* 9
17 =5 1g
i1 =11 11

FoB
263
is
110
77
252

&7
41
242
6k
22
Lt
Helsm

227
39
65
20

237
36

103

20%
He&g
73
213
ii2
19
59
Hele

(2]
[~
[+3]

2
W1 O 2 WD
& WD

17
57
27

199

132

138
30

167

127

Helm

341
30

289

245
50
257
68
ip2
43
295

by
21
49
8
3
i85
24
5
&
19
19
Se
&
20
]
23
5
59
30
5
26
5
24
4
3
21
20
5
5
13
26
17
5¢
18
19
26
10
23
7
22
5
4
12
31

el
=3
=i 2®
=9
=13
=7
=9 4%
=8
=1
~15
=11
5%
=5
7
7%
=26
5
=1
i3#
=33
i9
=12
-
=33
-8
=7
=2
=6
2%
=&
=7
13
b
3%
8
5
=4
i
-5
=2
=8
=2
g%
=2
=3
=b
i8
i6®
2
3%
&
=7
=3
i
g
=g®
=3

K
12
13
14
15
16
17
18

>
W o~ Y e g

FoB
24
i3
£6

267

8
55
30

Hel =

%86
86
39
80

631
28

184
36

373
72

i72
ie

256

107

197
i7

166
70

245
20

129
52

HgLS

23

201
246
365

89
114
i79
L35
12%
i6h
200
388
127

82
152
267
106

30
128
218
ii4

76

60
194

ﬁ%Li

0

165

PAGE 7
S6 DEL
27 i#
27 =9=
19 =5%
31 -3
23 =2%

5 =1

7 2p%

5¢ =5
36 19

6 3
i6 =8%

7 4
26 2
19 -=0%

4 =b
19 7e
37 =8

5 =2
i8 =6
23 11%
27 -3

L =5
20 =8
22 7%
26 5

5 =2
27 =3
21 42#
i8 =2

5 s

5¢ =l
i4 5
i =1
33 =13

5 5
) &
12 =13
35 =22
4 =4
21 g
i5 =11
36 =13
L =i
L 12
16 =414
27 =9
L =3
i1 21+
i4 iy
26 =5

5 =3
5 =8
b =f
29 =1
5§ =3
14 16



STRUCTURE FACTORS CONTINUED FOK
ALPHA CBHB.THLCLZ2.2(0CLHSE)

K FOB S6 DEL
1 2941 16 2
2 1431 7 3
3 164 & 15
L 226 15 3
5 349 15 =9
6 L1406 &L )]
7 164 € 2
3 296 28 <=2
9 343 22 =9
10 176 L& <]
i1 13¢ 47 i
i2 269 25 =5
13 304 25 =5
i 153 5 =3
15 § 32 -=5*%
i6 157 19 -1
17 245 28 -¢
18 4314 &4 i
i9 72 & -5
20 92 3 0
21 229 22 =7
22 126 15 =7
23 92 & =6
2k 16 22 =12®
Helzs 6, =2
1123 4 9
2 588 47 24
3 73 & 3
4 152 & 7
5 426 6 4
6 527 28 =11
7 61 6 &
8§ 459 11 -8
9 20 22 g%
10 439 34 ~i6
i1 84 20 5%
i2 2i6 17 i
13 71 & 5
ik 294 32 =6
i5 118 & =2
i6 295 27 -7
i7 25 12 22*%
13 153 17 =4
19 127 13 2
2% 313 38 -5
24 18 25 10%
22 108 & =5
23 86 & =2
2k 256 29 -8
25 28 13 =%%
Hel= 5¢ =1
5 82 &5 12
1 841 65 73
2 133 & 8
3 &14 15 25
b 29 12 14%

W QU N QY W £ T P

P TR NS RS B s fo o P b on fub b
F YR W W NG VR b D

25

~
o

LS 2R Sl SR A I Sl ]

FoB
560
207
251
189
L85
55
89
1586
Leg
38
35
34
632
i3
73
€5
306
29
1290
0
216
36

Hol®

92
659
259

77

&7
567
234
262

51
376
176
3463

33
334
132
332

17
236
155
238

29
185

97
2080

54

L5

Hel®

526
286

58
285

bLb

269

Sb
27
5
13
%
35
5
i7
L
L3t
8
i35
lg
&5
23
5
14
37
E
&
28
3k
b

59

5
73
280

f

5
i9

5
1%
5
27

&
25

9
34

5
4]
2%
31

ib

38
35
30

DEL
28
=1
=1

7
5
=3
lg#
&
=8
7%
13#%
4%
=7
ip+
2
i
=7
16%
5

«17®
=9
i3

0
2
74
i9
10
=1
i7
1
3
=3

-37-

K FOB
b 38
7 134
5 263
3 357
i0 124
i 686
12 177
13 346
14 267
15 &4
i6 133
17 2986
i3 266
i3 &6
28 121
21 173
22 136
23 67
e 72
25 143
Hel =
471
224
%03
68
338
245
378
69
134
10 151
i1 372
i2 34
13 19
14 424
15 %32
i6 117
17 93
1% 60
i3 319
20 128
ey 10¢
22 33
23 224
24 113
HelL®z
393
22
80
20
Lod
L7
164
27
412
25

sl G0 O W E G R e

SO SN WA T e R

§6 DEL
7 11
16 5
b 1i&
ee 23
& B
7 i4
& &
23 =5
6 =1
12 24*
57 =31i*%
25 i
i7 i
7 7
13 i
i3 -8
14 2
5 6
L -3
26 -8
5 2
&9 28
3L 2%
38 25
L 6
35 293
33 30
29 27
& 3
& 8
22 16
31 24
& 13
27 ~=7*%
L 3
29 21
12 &7
Lt 13
6 =2
286 13
5 0
7 5
i1 -10*
31 5
& 3
5 3
40 12
14 L
5 =5
26 15%
57 13
7 15
i3 13
i3 1g*
63 11
16 =11%

K FOB
10 246
i1 &l
12 36b

1 248
i5 1%
i6 332
17 w2
i8 233
i 2%
20 126
21 &8
2e 219

Hels=
220
180
365

30
i27
i5%
463

73
iiL

80

11 424

12 115

13 1ge

i 6%

15 259

i6 93

i7 13

i8 37

19 230

20 o6&

Helm
286
1586

55
134
272
i7e
116

78
252
152
109

Ll

i2 199

13 131

i 131

i5 20

i6 128

17 119

Helsa
1 123

O NPT WY e

s
L]

W OV E WY e ©

PR =S
= o

SG DEL K
28 11 2
8 2% 3
37 18 L
5 18 5
2L 12 %)
23 =4% 7
35 71 8
7 ig 9
24 3 1B
2e 13® 11
2L =b% 12
6 L 13
g =11
21 B®
5¢ & i
22 i 2
12 25
32 13 i
8§ 42% 2
1 =7 3
& 7 L
&6 10 5
i 8 1)
4 =3 7
b 13 8
bl 7 9
E =0
i5 5 ]
4 11 i
33 =6 2
& 7 3
22 g& 4
& 13 5
31 =7 6
6 =8 7
5 &5 8
27 =40 9
16 b 10
L =% 11
i0 g 12
36 =7 13
b =4 14
15 =3 g
2 &
28 =8 i
i3 =5 2
i3 g 3
5 & &
21 =39 5
Ly =2 &
18 <5 7
20 i® 3§
i8 =42 g
4 =7 10
5e & 1ii
14 =14 12

F0B
220
98
80
106
231
66
91
55
195
73
107

Hel =
66
151
17
Hol sz
122
1514
134
KL
62
143
185
74
57
Hels=
366
a7

LY:)
302
122

42

46
224
103
134

i3
173
100
i78

16

Hele
275

37
285

3%
227

50
257

24
113

13
239

PAGE 6
SG DEL
21 =19
11 =13

3 =2
12 =11
25 =13

h =16

L I

=7
24 =15
15 =17+
iy =7
18 ~6%

59 7

L =16
i6 =27
i3 =%

69 =7
i8 -6
14 -258

7 =25
21 =5%
106 =210
23 =3
28 =6

L =1

& 15

by =6
39 i

5 =3
29 ~-6%
13 =9%
28 =4

5 =0

g =p%

710
2% =%

5 =£
i9 =7
24 A
25 =2
17 0
25 =9
24 5%

6? =5
31 =47
10  18+%
30 =12
i2 2%
27 =11

g 10*
28 =14
i  24%

L =5
23 ~u*®
30 ~-4i7
2% =0*



STRUCTURE FACTORS CONVINUED FOER

ALPHA C8H8THCL2.2{0C8HS)

K Fos
13 29
i4 27
i5 248
i6 448
17 34
18 18

Hels
4 365
95
71

W DD ey Y N & YRS e
e
faN]
P

G s
o
b
&
=

i3 119
i 1814
i% 16

17 123
13 19%
i3 36
28 119
24 86

SG-DEL
i1 ~-D=®
32 1e*
38 . =Y
28 <=7%
& =10%
22 =4L*
69 =h
38 .0
5 =7
8 =3
% 7
27 5
4 =2
& =3
i6 -40%
39 -2
5 =8
i8 3
33 =20%
35 =¢
& &4
2% =2
28 ig#*
24 =7
13 =2
28 =4
7 10#%
16 =6
& =&
Be =3
5 9
17 5
711
5 &
g 17
24 -18
3L -7
& =110
& 9
21 =€
39 =5
& =5
5 3
14 =2
35 1
17 =40
14  14*
& -1
21 ]
21 =6
E 7
4 =1
6% -2
L 34
63 38
8 i2

M T ™ O AT T AR

i1
12
13
1k
i5
16
i7
i8
i9
2o
21
ez
23

FOB S6 DEL
220 o 8
221 & 8
357 15 8
123 23 i#
212 17 3
227 23 i
bk 26 =k
1% 7 i
116 & i
i83 33 =B
303 36 =5
120 & =3
46 b5 11
i3 23 -4
261 28 =5
80 & =6
96 5 3
68 b =&
235 33 ~4
113 17 =3
181 & =4
Helg 6y =1
172 30 17
54 66 59
b1 9 12
165 1@ 5
tee 13 14
506 22 18
k2 3 30%
212 5 i
19 37 o*®
360 31 =2
6t 9 41
238 2% =2
Lt 7 E}
267 35 ~=o
72 5 8
238 13 =3
29 9 2&*®
163 20 =7
69 5 )
239 36 =6
it 23 3¢
5 5 =7
539 & 9
ﬁ%Lz 59 1]
6% & 8
303 3z 25
78 b b
239 3& 27
38 9 14%
394 50 45
i08 5 7
152 & &
115 5 =1
L53 3¢ 17

~38-

K FOB

19
i1
12
13
it
i5
is
i7
i3
14
28
21
22
23

14
i5
i6
i7
18
19
el
é3
22
23

ol VRN G R S =)

[PEN
[

po P e b e
O W& P

50
71
112
L20
30
i1
L
311
22
b
22
222
61
36

Hol =

235
339
i98&
W&
137
33¢
238
i7%
Bl
272
ari
230
g
2rs
232
222
52
188
144
133
65
103
122

H@Lﬁ

L7 ¢
223
24
203
©32
edi
&0
112
255
181
161
b3
2410
i76
239
g
157

S6
9

35
ig

33
26

22
30

By

55
i9

i2
&9
30
20

35
27
29
a7
33
i
21

25

23
8
by

37

23
19

27
26
2%
a7
25

el
7
i1
5
-3
-5%

]
10%
14%

=2
-8
i

27

i7
i7
23
it
i5
5
16
15
20
=5%
i6
i5

2

K
17
18
19
20
21
22

O = YU £ R e

i8
i1
12
13
i4
i5
ie
17
18
19
20

xS
DL e D TIE WP e

WO N WL WA e

F08
2407
232
34
185
167
213
HeLg
322
123
353
25
212
138
347
32
76
107
332
23
26
37
301
61
53
43
253
7T
Hels
306
27
@8
42
298
35
16t
24
304
23
177
20
248
iB
171
25
168
i7
Hol=
113
152
192
it
93
126
224
30
82

36
33
24
i2
21

8

5

<)

35
26
%0
i1
25
25

38
a

R

5
18
39
11
10

DEL
=3
5
i%
-8
=18
22
3
i1
-q®
i8
1L&*
i2
5%
it
12#
=2
=6
11
16%
i3%

=7
&
&
-6
=18
=h®
&
=9
5%
&
8
=11
11#
=2k
TR
=17
1%
=7
-f
=6
12#
=10
= {j %
=11
-3%
5

=0

=27
X

=8

K Fog
18 84
11 208
12 S8
13 &6
Hel.®

156

129

9

90
148
155
34
H9LE

109

113

158

43
84
101
149
651
59

1160
Hel &

3086

51
25
741

294

39
53
&1
224
35

106
i1 28
12 163
13 59
14 155
i85 29
Hel2

281

27
29%
&7
212
55
274
57
g7
10 48
11 283
12 35
13 39
14 59
15 257

[o 3N B ZV R VI S )

O WwE gD F N

o

o ,,
€3 D AN Y e £

oD TP e OV UYL G TN e

PAGE 3
Sb DEL
5 2
26 =25
4 B
5 =18
6y &
21 =3¢
12 =18
17 =3*#
& =13
23 =30
18 =24
5 =1
Te =6
8 =27
11 =29
6 =417
10 =3*
5 =3
7 =27
& =39
11 =13+
5 =5
éa =6%*
79 “5
b =25
i8 =8¢
30 e
5 10
32 =12
10 14*®
6 2
17 6*®
30 =13
iz 5%
ig =8
23  L5%
29 -8
5 &
38 =11%
ig 6%
7@ =l
26 a
27  15*
7 3
9 7%
23 5
§ =14
34 -10
i1 -1%®
5 3
8 =2
4o =14
11 =3=
4 28*%
5 3
Ll -5



-39-

STRUCTURE FACTORS CONTINUED FOE
ALPHA CBHE.THCLZ2.2{0CLAE) PAGELD

K FOB SG DEL K FOB 56 DEL
i6 18 23 &€* 11 68 & b
17 &4 7 <4 42 131 16 9

F08 S6 DEL K F0B SG DEL K F0B sS6 DEL
341 b7 3 6 b2 3 =12 13 151 18 5
218 17 3 Hol® 8y =5 14 164 26 ]

K
2
3
Hela 7, -3 13 276 38 ={ &« 6% 5 3 1 126 7 -28 45 25 15 13¢
0 %23 67 54 44 65 5 9 5 109 & 12 2 404 7 =1%& 16 164 27 ~2%
1 96 7 3 15 23 2% 16%* o6 276 &3 7 3 166 6 =37 Hel® 8, ~1
2 k8 10 €* 16 59 5 =0 7 206 22 8 & 20 32 7% 1 107 26 5%
3 126 & 0 17 232 31 =5 6 109 19 11 5 90 7 =1i& 2 35 60 11
L 321 23 1€ 18 485 13 4* 3 6L & 2 6 79 7 =i4 3 132 25 3=
5 400 5 =4 13 66 % =0 10 197 32 i 7 196 38 =15%% & 24 12 L14%
6 417 5 -2 20 30 i&6 <=5% 11 179 22 5 8 56 b 0 5 78 7 3
7 83 5 3 21 216 41 =6® 12 128 17 2 9 76 4 i 6 245 1 8
8 296 34 2 Hol® 79 0 43 13 21 -2% Helz 8y =& 7 156 29 5
9 137 1% -4 i 32 9 27* 1% 159 26 0 0 2686 14 -&1 8 58 6 ~7
i 159 7 =7 2 361 5% 22 1% 155 6 5 i 60 16 -3 9 88 5 b
11 29 12 24&%* 3 3& 15 4* 16 173 31 -8 2 0 &7 -146%* 10 166 25 3
12 250 3% -7 B 107 & 8 17 33 7 -6* 3 71 7 =& 11 148 32 74
13 137 & =6 5 13 27 0% 1s 121 26 =12% & 247 7 =28 12 138 21 &
it 178 27 =13 65 380 5% 20 Holeg 7o 3 § 28 19 2% 13 37 7 1ii=x
i 32 9 17+ 7 5% 7 44 278 38 =24 & 72 7 1 Lt 132 27 -2%
16 162 32 =5% B 216 23 15 127 17 =& 7 32 15 i 1% 128 30 =~2%
17 136 12 -7 g 386 9 13% 24 10 =-0% B8 224 31 ~-16 16 189 38 5%
18 170 2& -9 18 386 56 19 154 25 =7 9 13 25 2% 17 48 21 ~-3%
iy 22 22 12% it

]
i
2
3
76 5 13 4 253 30 -9 4§ 120 17 =5 Hel= 8o O
%
o
7
)
9

Hela 7T, =2 12 194 32 7 39 19 =17+ 11 37 8 5¢ 4 74 5 7
1 162 32 18% 13 0 26 ~4% 52 & =8 12 179 27 =15 i 262 &6 10
2 390 60 39 14k 279 4& 14 104 & -1t 13 28 11 7¢ 2 38 8 el
3 275 48 37 15 37 12 18+ 218 29 ~11 Hel® 35 =3 3 206 35 3
L 28 28 18% 16 186 23 11 98 5 =12 1 242 &5 26%* & 94 5 1
5 72 12 3§ 17 20 29 9% 10 J& 13 -4 2 5% 8 5 5 306 51 11
6 280 18 13 18 145 25 1 12 17 19 F* 3 262 &7 23 6 36 7 6%
7 253 23 % 13 34 & 23% 12 155 25 ~i& & 30 30 2% 7 123 6 g
3 78 7 $ 2B 240 7 35 13 109 23 -i8* § 153 21 i1 34 108 25 5%
g 66 5 g HoLe 79 1 1k 167 5 40 6 63 7 =5 3 385 54 i
i0 176 19 =4 0 132 5 & 1% 31 7 =1% 7 231 24 7 18 15 27 b*®
i1 2%3 30 -1 i 28D 41 2 1b 113 21 -16* 8 90 & 11 11 &6 5 &
i2 156 20 -3 2 11 22 -6% Hob= 75 & 9 62 § =2 12 5% 5 =1
13 5% 7 0 3 173 24 =3 1 156 20 =11 10 83 5 5 13 259 &5 =2
i 124 5 =2 L 142 12 19 2 35 6 =7 41 242 &0 ~-11 14 36 & 11
15 198 34 =2 5 398 60 21 3 135 26 =18 12 55 6 b g g 21 -106*%
16 189 25 =% & 66 12 7 b 26 8 14® 13 15 27 3¢ 1& 22 186 ~2%
17 11 2% 2% 7 112 25 t* 5 133 22 ~ib 14 B2 5 =2 Hel® 6, 1
i3 106 5 -3 8 138 18 10 & 25 411 =12% 15 234 36 =13 1 22 24 =i#
19 154 23 -1 3 397 59 i3 7 214 27 =22 Helz 3, =2 2 244 &1 ~=b
28 176 27 -8 40 107 & 3 e 23 & 22% 0§ 308 64 20% 3 18 21 il+#
Hel2g 7, =1 11 61 % -6 9 68 5 -3 1 471 27 11 & 137 24 =4
8 166 L1 18% 12 132 = 11 180 24 12 10® 2 82 5 1% 5 22 1% g%
1 307 45 2% 13 333 51 16 11 228 34 -2% 3 158 27 2 6 292 48 =5
2 26 24 i 1t 74 5 b 42 14 18 -0%* & 279 59 30 T 41 b6 24
3 258 37 24 15 36 3 6* 13 27 6 6* 5 135 21 9 B 148 27 =6
& 161 37 16% 1B &7 7 9 Hel® 74 5 6 92 & 11 9 0 34 =-2%
5 326 &% 34 17 255 &5 =10 § 201 32 -37 7 686 6 =4 40 26% u% ~8%
6 76& 28 12*®* 18 63 10 1 i 50 85 -9 8§ 205 338 5% 11 &4 5 1B
7 461 6 11 13 29 20 5% 2 22 1% ~&*®* 9 114 S5 =4 12 133 23 =7
§ 454 27 12 20 419 i1y =-1®* 3 58 & =5 10 4128 5 41 L3 28 210 e
9 293 25 3 Hol® 7, 2 % 189 28 -43 41 48 25 11% 14 191 40 =-o*
i 75 5 & 1 168 24 =0 5 49 5 2 12 134 27 3 4% 29 8 ge



STRUCYURE FACTORS CONV INUED FOR

ALPHA CBHB.THCLZ2,2(0CHHE)

K FOB
Hel =
126
i4%
25
94
129
204
&9
86
116
223
10 &0
11 66
i2 66
13 202

WO~ O £ e DD e €2

[

@~ G U £ W e 2
N
Cad
AN

W O = Y T G IS e
pette
&
&

56

8y

15
286
i2
i7
22
L2

5
i7

6
&5

34
32
6
7
21
&4
&3
8
5

DEL
2
=5
=20
5%

-§%
-] 5%
21
3%
2%
=1
7%
=1
=2

K FOB S6 DEL

6 74
Hol®
205
i52

1]
i68
189

&2
75
i556
123
87

0
Hel=z
86
235
94
63
57
19%
77
58

- 43
134
Hel=
26
156
16
118
20
182
5

B
35
Hel=
1 53
2 1866
3 71

P D W OB N Y W T e

[
A @B Y G WY N RS

W Ty O WY F G T e &

3

Je
54
32
63
i%
55

106105

5
20
K3

8

7
20

e
21
38
31
21
12
L3
29

5

8
36

99
18
3l
25
22
27
58
28

8

7

EL

&
60

3

-4
-1
-
B
68%
30
wf P
=Z 5%
7
=Z%
=l ¥
=B
0
=20%
)
= fg
=7
=12%
Bi¥®
=238
=16%
aié%
-2
=1 %
=48%
i
=%
=16%
g%
Q&
w®
sgg$
=4{0%
=13
L%
2
=2
329%
10

~40-

K FOB S6 DEL

K FOB SG DEL

PAGELL

K FOB S6 DEL



47 -

OBSERVED STRUCTURE FACTORS, STANDARD DEVIATIONS, AND DIFFERENCES (ALL X Z.03
BETA CBHB.THCL2.2(0C&HB) Flle0o0) = 4102

FOB AND FCA ARE THE OBSERVED AND CALCULATED STRUCTURE FACTORS,
SG = ESTIMATED STANDARD DEVIATION OF FOB. DEL s /F0B/7 - /FCA/,
# INDICATES ZERO WZIGHTED DATA.

L FOB S6 DEL L FOB S& DEL L FOB SG DEL L FOB S6 DEL L FOB S6 DEL
HeK2 0, 0 10 146 5 6 7 76 8 ~if7 7 32 35 ~-16% 11 360 14 &
2 319 10 & 11 395 L2 -18 5 372 12 -7 5 481 16 26 12 490 17 41
41095 34 15 12 210 7 =7 9 317 10 17 9 5& 20 5% 13 297 11 19
6 773 24 =45 13 82 b -8 10 20« 7 -5 410 315 11 9 44 33 346 29¢
8 252 8 =-12 14 140 B 0 14 256 9 =2 11 68 31 ~5% 15 263 13 2
10 239 & -5 15 L3 14 -=-41* 412 530 28 =8 12 64k 23 20 16 396 14t 23
i2 33 14 18*% 46 106 7 -9 13 60 42 8% 13 67 30 22% 17 260 13 17
it 468 5 -5 47 266 10 =4 14 76 42 21 1% 35 &9 i8* 18 104 27 ~ii*
16 13 33 -17% 13 158 8 =5 15 29 &5 22* 15 128 10 5 19 21 34 -15*%
i8 340 12 -6 43 183 8 1 16 398 1& 19 16 563 21 20 20 131 21 -~i4
20 255 114 i 28 352 12 & 17 183 & L2 47 37 38 32% 21 106 22 -22%
22 332 15 =5 21 121 10 =6 48 43 44 -13* 18 161 9 =2 HelKa 0 3

2% 378 16 -€ 22 153 13 2 13 230 12 i 19 136 16 ~4& i 321 i1 -8
26 102 16 -7 23 220 15 =11 2§ 271 36 5 20 238 18 2% 2 213 & 2
HeKs 0, 1 24 215 i& =3 21 84 i1 -5 21 &1 20 14* 3 528 21 -7
i 219 10 -5 25 52 22 =-49% 22 28 37 25% 22 123 15 =17 & 0 45 -16%
2 248 10 =12 26 100 21 =-7% 23 216 16 -5 23 114 20 =240 5 60 14 I
3 330 17 =13 HoKz 0o 3 24 121 1& -11 HeKe 8y 7 & 299 13 3
& %311 16 =8 1 90 18 12* 25 58 14 8* L 2% 9 17 7 358 15 440
5 39 9 10* 2 585 21 47 HeKe O, 5 2 723 23 i 8§ 132 8
6 267 8§ -6 3 1062 14§ % L 206 7 7 3 307 10 22 9 281 15 2
7 139 & & b 249 § =6 2 889 28 35 L 388 14 8 40 131 9 3
8 56% 18 0 5 212 & 3 § 221 8 3 5 156 9 15 41 13 48 5%
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